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IDWLJXHVWUHQJWKRIWKHVPRRWKVDPSOH
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notch
W'  VWUDLQ HQHUJ\ GHQVLW\ YDOXHDYHUDJHGRYHUWKHFRQWUROYROXPH
IURPWKHQRWFKVDPSOH 
HHH   VKDSHIXQFWLRQVIRUVKDUS9QRWFKHV 
:F FULWLFDOHQHUJ\YDOXH Į RSHQLQJDQJOHRIQRWFK  
:HOHPHQWL HQHUJ\ FRQWULEXWLRQV IRU DOO WKH
ILQLWHHOHPHQW 
ȣ 3RLVVRQ¶VUDWLR 
W'  DYHUDJHGYDOXHRIWKH6('RYHUDFRQWUROYROXPH 
FZ ZHLJKWLQJSDUDPHWHU 
0W  IXOO\ UHYHUVHG WRUVLRQDO IDWLJXHOLPLW 
9 FRQWUROYROXPH 
ĲD PD[LPXPVKHDUVWUHVVDPSOLWXGH  7ı7: VWUHVVEDVHG DQG VWUDLQ HQHUJ\EDVHG
VFDWWHULQGH[ 
Ĳ$5HI DPSOLWXGHRIWKHUHIHUHQFHVKHDU
VWUHVVDW1$F\FOHVWRIDLOXUH 
DEĮȕ FRQVWDQWV XVHG LQ WKH 0:&0
DSSURDFK 
ȡHII HIIHFWLYH YDOXH RI WKH FULWLFDO ijG  .URQHFNHUGHOWD 
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SODQHVWUHVVUDWLR 
ȡOLP OLPLWYDOXHRIȡHII 7&' 7KHRU\RI&ULWLFDO'LVWDQFHV 
(1 HUURURIIDWLJXHOLIHFDOFXODWLRQ 6(' 6WUDLQ(QHUJ\'HQVLW\ 
e
ijH  HODVWLFVWUDLQVWDWHFRPSRQHQWV 0:&0 0RGLILHG:|KOHU&XUYH0HWKRG 
 
1 ,QWURGXFWLRQ 
7KHIDWLJXHSUREOHPRIPHFKDQLFDOFRPSRQHQWVKDVEHHQVWXGLHGLQWHQVLYHO\WRVDIHO\DVVHVV
VWUXFWXUHVVXEMHFWHGWRGLIIHUHQWDQGFRPSOH[ORDGLQJFRQGLWLRQV$FFXUDWHIDWLJXHGDPDJHSUHGLFWLRQ
RIVWUXFWXUDOFRPSRQHQWVLVVWLOODELJFKDOOHQJHGXHWRDQXPEHURIYDULDEOHVLQFOXGLQJJHRPHWULFDO
GLVFRQWLQXLWLHVQRQ]HURVXSHULPSRVHGVWDWLFVWUHVVHVDQGWKHGHJUHHRIPXOWLD[LDOLW\RIWKHVWUHVV
ILHOGVWKDWFDQFKDQJHORFDOO\QHDUWKHVWUHVVULVHUV7KHUHDUHQXPHURXVPHWKRGVWRSUHGLFWIDWLJXH
OLIHRIVWUXFWXUDOFRPSRQHQWVXQGHUGLIIHUHQWVWUHVVFRQGLWLRQV>@+RZHYHUDXQLYHUVDOFULWHULRQ
IRUSODLQDQGQRWFKHGVSHFLPHQVXQGHUXQLD[LDODQGPXOWLD[LDOORDGLQJFRQGLWLRQVKDVQRW\HWEHHQ
DJUHHGE\WKHLQWHUQDWLRQDOVFLHQWLILFFRPPXQLW\ 
,QWKHSUHVHQWVWXG\WKHDFFXUDF\LQSHUIRUPLQJIDWLJXHDVVHVVPHQWRIWKH7&'>@DQGWKH
6(' DSSURDFK >@ KDV EHHQ FKHFNHG V\VWHPDWLFDOO\ DJDLQVW D ODUJH QXPEHU RI H[SHULPHQWDO
UHVXOWVWDNHQIURPWKHOLWHUDWXUH 
7KHHODVWLFPD[LPXPVWUHVVDWWKHQRWFKWLSFDQEHVXFFHVVIXOO\XVHGRQO\WRDVVHVVWKHIDWLJXH
VWUHQJWKRIEOXQWQRWFKHV:KHQQRWFKHVEHFRPHVKDUSWKHDVVHVVPHQWEDVHGRQWKHPD[LPXPYDOXH
RIWKHVWUHVVHYDOXDWHGDWWKHQRWFKWLSDUHLQYDULDEO\WRRFRQVHUYDWLYH0DQ\GLIIHUHQWVWUDWHJLHVKDYH
EHHQHPSOR\HGWRHYDOXDWHWKHGHWULPHQWDOHIIHFWRQWKHPDWHULDOIDWLJXHVWUHQJWKRIEOXQWDQGVKDUS
QRWFKHV%DVHGRQWKHFULWLFDOGLVWDQFHFRQFHSW1HXEHU>@DQG3HWHUVRQ>@ZHUHDEOHWRHVWLPDWH
WKHKLJKF\FOHIDWLJXHVWUHQJWKRIPHFKDQLFDOFRPSRQHQWVH[SHULHQFLQJVWUHVVFRQFHQWUDWLRQ7DQDND
>@/D]]DULQHWDO>@DQG7D\ORU>@SURSRVHGDFORVHGIRUPUHODWLRQVKLSEHWZHHQWKHFULWLFDO
GLVWDQFH DQG (O +DGGDG¶V OHQJWK SDUDPHWHU >@ %RWK WKH7&' DQG 6(' DSSURDFK DVVXPH WKDW
HQJLQHHULQJ PDWHULDOV REH\ D OLQHDUHODVWLF FRQVWLWXWLYH ODZ DQG WKH OLQHDUHODVWLF VWUHVV ILHOGV RI
LQWHUHVWFDQEHHDVLO\HYDOXDWHGE\XVLQJVLPSOHOLQHDUHODVWLF)(VROXWLRQVWKDWDUHDEOHWRFDSWXUH
ZLWKKLJKDFFXUDF\WKHVWUHVVILOHGLQWKHYLFLQLW\RIWKHVWUHVVFRQFHQWUDWRUEHLQJLQYHVWLJDWHG%\
HPSOR\LQJWKH7&'WKHIDWLJXHEHKDYLRURIQRWFKHGFRPSRQHQWVFDQEHSUHGLFWHGIURPVXFKVWUHVV
ILHOGVE\XVLQJWZRPDWHULDOSDUDPHWHUVFKDUDFWHULVWLFOHQJWK/DQGWKHSODLQPDWHULDOIDWLJXHOLPLW
7KHLGHDRIDPLFURVWUXFWXUDOVXSSRUWLVGXHWR1HXEHU>@$IWHUZDUGV6XVPHODQG7D\ORUUHYLHZHG
PRVWRI WKH ILQGLQJV LQ WKHXVHRI WKH7&' WR DVVHVV WKH IDWLJXH VWUHQJWKRIQRWFKHGPHFKDQLFDO
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FRPSRQHQWV>@7KH\ZHUHDEOHWRYDOLGDWHWKHDFFXUDF\RIWKH7&'ZKHQDSSOLHGWRWKHIDWLJXH
DVVHVVPHQWRIVSHFLPHQVZHDNHQHGE\QRWFKHVXQGHUF\FOLFYDULDEOHORDGLQJFRQGLWLRQV5HFHQWO\
LQ FRQMXQFWLRQ ZLWK WKH 7&' WKH 0RGLILHG :|KOHU &XUYH 0HWKRG 0:&0 ZDV VXFFHVVIXO
HPSOR\HGLQSUHGLFWLQJWKHILQLWHOLIHWLPHRIQRWFKHGFRPSRQHQWVVXEMHFWHGWRFRPSOH[ORDGLQJV>
@7KHSURSRVHGIDWLJXHOLIHHVWLPDWLRQWHFKQLTXHLVEDVHGRQWKHDVVXPSWLRQWKDWWKHOLQHDU
HODVWLFVWUHVVVWDWHFDQEHXVHGWRHVWLPDWHWKHIDWLJXHGDPDJHDWOHDVWZKHQWKHIDWLJXHSKHQRPHQRQ
LVJRYHUQHGE\WKHLQLWLDWLRQSKDVHDQGWKHSURSDJDWLRQSKDVHLVOLPLWHG,QDGGLWLRQWKH0:&0
GLUHFWO\ FRQVLGHUV WKH GHJUHH RI PXOWLD[LDOLW\ RI WKH VWUHVV ILHOG LQ D SURFHVV ]RQH SODFHG LQ WKH
SUR[LPLW\RIWKHQRWFKWLS$WWKHVDPHWLPHWKHGHJUHHRIPXOWLD[LDOLW\RIWKHVWUHVVILHOGGDPDJLQJ
WKHIDWLJXHSURFHVV]RQHLVGLUHFWO\DFFRXQWHGIRU WKH0:&0ZKLFKLVDFULWLFDOSODQHDSSURDFK
VHQVLWLYHWRWKHSUHVHQFHRIERWKQRQ]HURPHDQVWUHVVHVDQGQRQSURSRUWLRQDOORDGLQJV 
6RPHPHWKRGRORJLHVPDNLQJXVHRIWKHHQHUJ\GHQVLW\KDYHDOVREHHQXVHGWRDVVHVVWKHIUDFWXUH
DQGIDWLJXHEHKDYLRURIPDWHULDOVH[KLELWLQJERWKGXFWLOHDQGEULWWOHEHKDYLRU'LIIHUHQW6('EDVHG
DSSURDFKHVZHUHSURSRVHGDQGDSSOLHGWRVWDWLFDQGIDWLJXHORDGLQJFRQGLWLRQV>@'HDOLQJZLWK
WKHVWUDLQHQHUJ\GHQVLW\FRQFHSW6LKSURSRVHGDFULWHULRQEDVHGRQWKHVWUDLQHQHUJ\GHQVLW\IDFWRU
6ZKLFKLVDSRLQWPHWKRGFULWHULRQDQGGHWHUPLQHWKHGLUHFWLRQRIFUDFNSURSDJDWLRQE\LPSRVLQJD
PLQLPXPFRQGLWLRQRQ6>@$PRUHJHQHUDOIRUPXODWLRQEDVHGRQDIDWLJXHPDVWHUFXUYH
HYDOXDWHGIURPWKHVXPRIWKHSRVLWLYHHODVWLFDQGSODVWLFVWUDLQHQHUJ\GHQVLWLHVRIUHSUHVHQWDWLYH
F\FOLFK\VWHUHVLVORRSVZDVVXJJHVWHGE\(OO\LQHWDO,QVRPHXQLD[LDODQGPXOWLD[LDOF\FOLFIDWLJXH
UHVXOWVWKH6('EDVHGDSSURDFKHVFDQDFFXUDWHO\DVVHVVWKHIDWLJXHEHKDYLRURIFRPSRQHQWV>@
/D]]DULQHWDOILUVWO\LQWURGXFHGWKHFRQFHSWRIPHDQVWUDLQHQHUJ\GHQVLW\ZKLFKLVHYDOXDWHGRYHU
DFRQWUROYROXPHVXUURXQGLQJWKHQRWFKWLS >@7KHPHWKRGGHULYHGIURPWKHHOHPHQWDU\
VWUXFWXUDOYROXPHFRQFHSWSUHYLRXVO\SURSRVHGE\1HXEHU>@7KHFRQWUROUDGLXVRIWKHYROXPHLV
DPDWHULDO SURSHUW\ LQ WKH FDVHRI VWDWLF ORDGLQJ LW GHSHQGVRQ WKHXOWLPDWH WHQVLOH VWUHQJWK WKH
IUDFWXUHWRXJKQHVVDQG3RLVVRQ¶VUDWLRLQWKHFDVHRIKLJKF\FOHIDWLJXHORDGLQJLWDOVRGHSHQGVRQ
WKH XQQRWFKHG VSHFLPHQ¶V IDWLJXH OLPLW DQG WKH WKUHVKROG VWUHVV LQWHQVLW\ IDFWRU UDQJH7KH PDLQ
DGYDQWDJHRIWKHDYHUDJHG6('RYHUWKHORFDOVWUHVVEDVHGFULWHULD LV WKHPHVKLQGHSHQGHQF\DQG
LQVHQVLWLYHWRWKHPHVKUHILQHPHQW)RUWKLVUHDVRQDPHWKRGWRUDSLGO\HVWLPDWHWKHDYHUDJHG6('
DWWKHWLSRIFUDFNVXQGHULQSODQHPL[HGPRGHORDGLQJKDVEHHQUHFHQWO\SURSRVHG,WLVEDVHGRQWKH
SHDNVWUHVVHVHYDOXDWHGIURPILQLWHHOHPHQW)(DQDO\VHVDFFRUGLQJWRWKHSHDNVWUHVVPHWKRG>
@7KHDYHUDJHG6('KDVEHHQIRXQGWREHRQHRIWKHPRVWSRZHUIXOWRROVWRDVVHVVWKHVWDWLFDQG
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IDWLJXHEHKDYLRXURIQRWFKHGDQGXQQRWFKHGFRPSRQHQWVLQVWUXFWXUDOHQJLQHHULQJ>@ 
,QWKLVSDSHU WKHDLPLV WR LQYHVWLJDWHWKHDFFXUDF\RI7&'DQG6('PHWKRGVLQHVWLPDWLQJ
IDWLJXH OLIH RI SODLQ DQG QRWFKHG VSHFLPHQV XQGHU XQLD[LDO DQG PXOWLD[LDO ORDGLQJ )LUVWO\ WKH
IUDPHZRUNRI7&'DQG6('PHWKRGVIRUQRWFKHGFRPSRQHQWVXQGHUXQLD[LDOIDWLJXHORDGLQJDUH
GHVFULEHG$ODUJHQXPEHURIH[SHULPHQWDOGDWDUHOHYDQWWREOXQWDQGVKDUSQRWFKHGVSHFLPHQVKDYH
EHHQHPSOR\HGKHUHLQIRUWKHYDOLGDWLRQSXUSRVH,QWKHVHFRQGSDUWRIWKHZRUNWKHDQDO\WLFDOIUDPHV
RIWKHVDPHFULWHULDIRUPXOWLD[LDOIDWLJXHORDGLQJDUHLQWURGXFHG9DOLGDWLRQVDUHJLYHQE\FRPSDULQJ
WKH SUHGLFWLRQV ZLWK D ODUJH QXPEHU RI H[SHULPHQWDO GDWD IURP GLIIHUHQW PDWHULDOV DQG LQYROYLQJ
VDPSOHVXQGHUGLIIHUHQWORDGLQJFRQGLWLRQV)LQDOO\FRQFOXVLRQVDUHGUDZQ 
2 )DWLJXHDVVHVVPHQWRIQRWFKHGFRPSRQHQWVXQGHUXQLD[LDOIDWLJXHORDGLQJ 
2.1 )DWLJXHOLIHWLPHHVWLPDWLRQRIQRWFKHGFRPSRQHQWVXVLQJ7&' 
3HWHUVRQ >@ SURSRVHG WKH SRLQW PHWKRG 30 ZKLFK FRQVLGHUV DV D FULWLFDO SDUDPHWHU WKH
HIIHFWLYHVWUHVVPHDVXUHGDWDJLYHQGLVWDQFHIURPWKHWLSIURPWKHVWUHVVUDLVHU2QSDUDOOHOWUDFNV
WKHOLQHPHWKRG/0ZDVIRUPDOL]HGE\1HXEHU>@7KH/0PHWKRGLVEDVHGRQWKHLGHDWKDWWKH
HIIHFWLYHVWUHVVLVDYHUDJHGRYHUDOLQH7KHVHPHWKRGVKDYHEHHQVXFFHVVIXOO\IRUPDOL]HGE\WDNLQJ
LQWRDFFRXQWWKH/()0FRQFHSWV>@  
7KHPDWHULDOFKDUDFWHULVWLFOHQJWK/FDQEHHYDOXDWHGDVIROORZVDV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 
ZKHUH .WK LV WKH WKUHVKROG YDOXH RI WKH VWUHVV LQWHQVLW\ IDFWRU DQG ı LV WKH SODLQ IDWLJXH OLPLW RI
PDWHULDOERWKGHWHUPLQHGDWWKHVDPHORDGUDWLR5DSSOLHGWRWKHVSHFLPHQV$VEULHIO\PHQWLRQHG
DERYHWKH7&'FDQEHIRUPDOL]HGLQGLIIHUHQWZD\VE\FRQVLGHULQJGLIIHUHQWLQWHJUDWLRQGRPDLQV
SRLQWOLQHDUHDRUYROXPHPHWKRGIRUWKHHIIHFWLYHVWUHVVıHIIHYDOXDWLRQ8QGHUWKHPRGH,ORDGLQJ
FRQGLWLRQVWKH30SRVWXODWHVWKDWWKHHIIHFWLYHVWUHVVLVHTXDOWRWKHSULQFLSDOVWUHVVPHDVXUHGDWD
GLVWDQFHIURPWKHQRWFKWLSHTXDOWR/7KHFULWLFDOFRQGLWLRQLVUHDFKHGZKHQıHII ıDVH[SOLFLWO\
UHSRUWHGEHORZ 
eff 1 00, 2
L
rV V T V§ ·    ¨ ¸© ¹                       
,Q(TıLVWKHPD[LPXPSULQFLSDOVWUHVVșDQGUDUHWKHSRODUFRRUGLQDWHV7KHYDOXHRIıVKRXOG
EHHYDOXDWHGDORQJDOLQHGUDZQVWDUWLQJIURPWKHKRWVSRWWKHSRLQWH[SHULHQFLQJWKHPD[LPXPSHDN
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VWUHVVLQDGLUHFWLRQQRUPDOWRWKHPD[LPXPSULQFLSDOVWUHVV8VXDOO\WKLVGLUHFWLRQLVQRUPDOWRWKH
VXUIDFHRIWKHQRWFKHGFRPSRQHQWV8QGHUPRGH,ORDGLQJFRQGLWLRQVWKHQRWFKELVHFWRUUHSUHVHQWV
WKHOLQHRIVWUHVVHYDOXDWLRQ 
,QVWHDGRIGHWHUPLQLQJıHIIDWDJLYHQGLVWDQFHIURPWKHQRWFKWLSWKH/0FDQEHHYDOXDWHGE\
DYHUDJLQJ WKHYDOXHRI 1V DORQJ WKHQRWFKELVHFWRURYHUDGLVWDQFHHTXDO WR/DW WKH IDWLJXH OLPLW
FRQGLWLRQRIWKHQRWFKHGFRPSRQHQW 
 2eff 1 001 ș=0, =2
L
r dr
L
V V V ³                     
)RUWKHDUHDDQGYROXPHPHWKRGWKHUDQJHRIWKHHIIHFWLYHVWUHVVFDQEHFDOFXODWHGE\DYHUDJLQJ
WKHSULQFLSDOVWUHVVRYHUDVHPLFLUFXODUDUHDRIUDGLXVHTXDOVWR/DUHDPHWKRGRULQDKHPLVSKHUH
FHQWHUHGDWWKHQRWFKWLSZLWKWKHUDGLXVHTXDOWR/YROXPHPHWKRG>@ 
$VDQH[WHQVLRQWRWKHILQLWHIDWLJXHOLIHWLPH6XVPHODQG7D\ORUSURSRVHGWRDSSO\WKH7&'LQ
PHGLXPF\FOHIDWLJXHUHJLPHE\FRQVLGHULQJWKHFULWLFDOGLVWDQFH/DVPDWHULDOSURSHUW\EXWDOVRDV
DIXQFWLRQRIWKHQXPEHURIF\FOHVWRIDLOXUH7KHIROORZLQJH[SUHVVLRQKDVEHHQSURSRVHGLQ5HI
>@ 
 M f fBL N A N                            
,Q(T$DQG%DUHPDWHULDOFRQVWDQWVWREHGHWHUPLQHGE\UXQQLQJDSSURSULDWHH[SHULPHQWVZKLFK
UHTXLUHVRPHVLPSOHVWDWLFWHVWVWRGHWHUPLQHWKHXOWLPDWHWHQVLOHVWUHVVıXDQGSODQHVWUDLQPDWHULDO
WRXJKQHVV.,&DQGVRPHVWDQGDUGIDWLJXHWHVWVDLPHGWRGHWHUPLQHWKHSODLQIDWLJXHOLPLWıDQGWKH
WKUHVKROG YDOXH RI WKH VWUHVV LQWHQVLW\ IDFWRU .WK 8QIRUWXQDWHO\ WKH VWUHVV EDVHG DSSURDFK LV QRW
DGHTXDWH DW GHVFULELQJ WKH EHKDYLRU RI HQJLQHHULQJ PDWHULDOV LQ WKH ORZF\FOH IDWLJXH UHJLPH
UHVXOWLQJLQDQDSSUR[LPDWHFDOFXODWLRQRIWKHUHIHUHQFHQXPEHURIF\FOHVWRIDLOXUHLQWKHORZF\FOH
IDWLJXHUHJLPH%HVLGHV LWLVYHU\GLIILFXOWWRFRKHUHQWO\GHILQHWKHUHIHUHQFHQXPEHURIF\FOHVWR
IDLOXUHLQWKHKLJKF\FOHIDWLJXHUHJLPHFRUUHVSRQGLQJWRWKHNQHHSRLQWGXHWRWKHIDFWWKDWIRUD
JLYHQPDWHULDO WKHSRVLWLRQRIWKHNQHHSRLQWFDQFKDQJHE\FKDQJLQJWKHJHRPHWU\RIWKHWHVWHG
VDPSOHV6RLWLVQRWDGHTXDWHWRGHWHUPLQHFRQVWDQWV$DQG%E\XVLQJWKHDERYHVWUDWHJ\ 
,QRUGHUWRRYHUFRPHWKHMXVWPHQWLRQHGSUREOHPDQDOWHUQDWLYHSURSRVHGE\6XVPHODQG7D\ORU
>@ZDVDGRSWHG7KLVSURSRVDO LVEDVHGRQ WZRFDOLEUDWLRQı1 IDWLJXHFXUYHVRQHREWDLQHGE\
WHVWLQJSODLQVSHFLPHQVDQGWKHVHFRQGRQHREWDLQHGE\WHVWLQJQRWFKHGVSHFLPHQV,QSDUWLFXODUE\
XVLQJWKH30WKHYDOXHVRIıDFDQEHGHWHUPLQHGDWDQ\JLYHQQXPEHURIF\FOHV1IE\WKH:|KOHU
HTXDWLRQVHH)LJ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,Q(T1$LVUHIHUHQFHQXPEHURIF\FOHVWRIDLOXUHLQWKHKLJKF\FOHIDWLJXHUHJLPHDQGı$LVWKH
DPSOLWXGHRIWKHQRPLQDOJURVVVWUHVVDW1$F\FOHV7KHOLQHDUHODVWLFVWUHVVILHOGGLVWULEXWLRQLQWKH
SUR[LPLW\RIWKHQRWFKWLSFDQEHGHWHUPLQHGE\)(PHWKRG7KHPDSSHGPHVKLQWKHYLFLQLW\RIWKH
VWUHVVUDLVHU¶VDSH[LVJUDGXDOO\UHILQHGXQWLOFRQYHUJHQFHRFFXUUHG7KHQ WKHOLQHDUHODVWLFVWUHVV
ILHOGGLVWULEXWLRQıUFDQEH ILWWHGDFFXUDWHO\ZLWK DQH[SRQHQWLDOGHFD\ IXQFWLRQ FRHIILFLHQWRI
GHWHUPLQDWLRQ5!WKURXJKDSRVWSURFHVVLQJRIWKHVLPXODWHGGDWD)RUWKHFDOFXODWHGYDOXHV
LWLVHDV\WRGHWHUPLQHWKHGLVWDQFH/01IIURPWKHILWWLQJIXQFWLRQ 
> @1,a 1 f( )/2L NV V                                                    
$QLGHQWLFDOSURFHGXUHFDQEHXVHGWRHYDOXDWHWKHGLVWDQFH/01IZLWKWKH/0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%\FDOFXODWLQJWKHFULWLFDOGLVWDQFHYDOXHIRUDOOWKHQXPEHUVRIF\FOHVFRQVWDQWV$DQG%LQ(T
FDQEHGHWHUPLQHGE\HPSOR\LQJDILWWLQJSURFHGXUH 
,QRUGHUWREHWWHUFODULI\WKHUHFXUVLYHSURFHGXUHZKLFKFDQEHXVHGWR DVVHVVWKHQXPEHURI
F\FOHVWRIDLOXUH1IHE\XVLQJWKH7&'FRQVLGHUDQRWFKHGVSHFLPHQVXEMHFWHGWRDJLYHQYDOXHRI
WKHQRPLQDOVWUHVVıJD7KHGLVWULEXWLRQRIWKHOLQHDUHODVWLFVWUHVVILHOGFDQEHGHWHUPLQHGE\XVLQJD
)(PRGHO7KHQE\VLPSO\VXEVWLWXWLQJWKHHTXDWLRQ M e,f= BL A N  LQWR(TLWLVSRVVLEOHWRZULWH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6XEVHTXHQWO\ E\ VXEVWLWXWLQJ WKH YDOXH RI 1 e,fı ( )/2L Nª º¬ ¼ LQWR WKH (T  WKH HTXDWLRQ MXVW
FRQWDLQLQJWKHQXPEHURIF\FOHVWRIDLOXUH1IHFDQEHREWDLQHG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7KURXJK1HZWRQ¶VPHWKRG WKHYDOXHRI1IHFDQEHGHWHUPLQHGGLUHFWO\ IURP(T ZKLFK
SURYLGHVDJHQHUDOVROXWLRQ,I(TGRHVQRWKDYHDUHDOURRWDQDSSUR[LPDWHYDOXHREWDLQHGE\
PLQLPL]LQJWKHHUURUFDQEHREWDLQHG7KHVDPHSURFHGXUHFDQEHXVHGIRUDSSO\LQJWKH/0ZLWKWKH
RQO\GLIIHUHQFHWKDWLQ(TWKHLQWHJUDOIRUPLVVWLOOSUHVHQWDVVKRZQEHORZ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7KHUHODWLRQVKLSEHWZHHQ/0DQG1IFDQEHREWDLQHGE\WHVWLQJSODLQDQG9QRWFKHGVSHFLPHQV
7KHPDLQDGYDQWDJHRIWKLVDSSURDFKLVLWVDFFXUDF\LQGHWHUPLQLQJ/DQGWKHSRVVLELOLW\WREHHDVLO\
DSSOLHGWRHQJLQHHULQJDSSOLFDWLRQV)RUGLIIHUHQWJHRPHWULFDOIHDWXUHVXQGHUWKHK\SRWKHVLVRIOLQHDU
HODVWLFLW\DQGDWKLJKF\FOHUHJLPHWKHXVHRIQRWFKHVDVVKDUSDVSRVVLEOHLVDOZD\VUHFRPPHQGHG
WRJHQHUDWHWKHIDWLJXHFXUYHQHHGHGWRGHWHUPLQHWKHPDLQFRQVWDQWV$DQG% 
7KHWZRFDOLEUDWLRQı1IDWLJXHFXUYHVFDQEHXVHGWRDVVHVVWKHIDWLJXHOLIHRIRWKHUQRWFKHG
VSHFLPHQVPDGHRIWKHVDPHPDWHULDODQGWHVWHGDWWKHVDPHORDGUDWLR7KHSURFHGXUHPDLQO\FRQVLVWV
LQGHILQLQJWKH/0YHUVXV1IUHODWLRQVKLSEDVHGRQWKHXVHRIWZRFDOLEUDWLRQFXUYHVDQGFRQVHTXHQWO\
ILQGLQJWKHOLQHDUHODVWLFVWUHVVILHOGGLVWULEXWLRQDORQJWKHGLVWDQFHXQGHUDWDJLYHQQRPLQDOVWUHVV
ıJDE\)(PHWKRG)LQDOO\WKHHVWLPDWLRQLVEDVHGRQ30RU/0E\VXEVWLWXWLQJWKHOLQHDUHODVWLF
VWUHVVILHOGGLVWULEXWLRQLQWR(TRU(T6XFKWKHPHWKRGLVDOVRVXPPDUL]HGE\WKHIORZ
FKDUWVNHWFKHGLQ)LJ 
2.2 (VWLPDWHIDWLJXHOLIHWLPHRIQRWFKHGFRPSRQHQWVXVLQJ6(' 
7KH ORFDO6('DSSURDFKKDVEHHQH[WHQVLYHO\XVHG LQ WKH ODVW \HDUV WRGHDOZLWKKLJKF\FOH
IDWLJXHRIQRWFKHGFRPSRQHQWVDQGZHOGHGMRLQWV7KHORFDO6('VWDWHVWKDWIDLOXUHRFFXUVZKHQWKH
PHDQYDOXHRIWKHVWUDLQHQHUJ\GHQVLW\DYHUDJHGRYHUDFRQWUROYROXPHVXUURXQGLQJWKHQRWFKWLSLV
HTXDOWRDFULWLFDOHQHUJ\YDOXH:F8QGHUSODQHVWUDLQRUSODQHVWUHVVFRQGLWLRQVWKHFRQWUROYROXPH
EHFRPHVDFLUFOHDFLUFXODUVHFWRURUDFUHVFHQWVKDSHDVGHSLFWHGLQ)LJZKHUHWKHUDGLXVRIWKH
FRQWUROYROXPH5GRHVQRWGHSHQGRQWKHQRWFKJHRPHWU\8QGHUWKHK\SRWKHVLVRISODQHVWUDLQDOO
WKHVWUHVVDQGVWUDLQFRPSRQHQWVLQWKHKLJKO\VWUHVVHGUHJLRQDUHUHODWHGWRPRGH,DQG,,QRWFKVWUHVV
LQWHQVLW\IDFWRUV16,)V7KHH[SUHVVLRQVIRUWKH16,)VFDQEHGHILQHGDFFRUGLQJWRWKHIROORZLQJ
H[SUHVVLRQV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7KXVWKHVWUDLQHQHUJ\LQDZHOOGHILQHGDUHDVXUURXQGLQJWKHQRWFKWLSDVVKRZQLQ)LJFDQ
EHHYDOXDWHGDVIROORZV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,Q(TȜDQGȜDUH:LOOLDPV¶HLJHQYDOXHV¨.DQG¨.UHSUHVHQWWKHYDOXHVRIPRGH,DQG
PRGH,,16,)UDQJHVDQG5UHSUHVHQWVWKHUDGLXVRIWKHFRQWUROYROXPHHDQGHDUHVKDSHIXQFWLRQV
ZKLFKGHSHQGRQWKHQRWFKDQJOHĮDQGWKH3RLVVRQ¶VUDWLRȣ,QRUGHUWRFRQVLGHUWKHLQIOXHQFHRI
WKH QRPLQDO ORDG UDWLR 5 WKH ZHLJKWLQJ SDUDPHWHU FZ KDV WR EH DGRSWHG LQ DJUHHPHQW ZLWK WKH
IROORZLQJH[SUHVVLRQ>@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,WLVZRUWKRIPHQWLRQLQJWKDWWKHDSSOLFDWLRQRIWKH6('FULWHULRQDQGWKHUHOLDELOLW\RILWVUHVXOWV
DUH VWULFWO\ UHODWHG WR WKH SURSHU GHWHUPLQDWLRQ RI IDWLJXH SDUDPHWHUV LH WKH FULWLFDO YDOXH RI
GHIRUPDWLRQ HQHUJ\ DQG WKH UDGLXV RI WKH FRQWURO YROXPH 7KH FRQWURO UDGLXV 5 FDQ EH HDVLO\
HVWLPDWHGE\PHDQVRIWKHIROORZLQJH[SUHVVLRQ 
1
1
1-
1 1A
0
A
2e K
R
O
V
§ ·' ¨ ¸¨ ¸'© ¹
                      (16) 
ZKHUH¨.$DQG¨ı$DUHWKHUHIHUHQFHYDOXHVDWKLJKF\FOHIDWLJXHRIWKHQRWFKVWUHVVLQWHQVLW\IDFWRU
UDQJH RI WKH VHYHUHO\ QRWFKHG PDWHULDO DQG WKH QRPLQDO VWUHVV UDQJH RI WKH XQQRWFKHG PDWHULDO
UHVSHFWLYHO\$VVRRQDVWKHQRWFKVWUHVVLQWHQVLW\IDFWRU¨.$LVNQRZQWKHFRQWUROUDGLXVFDQEH
HYDOXDWHG'XH WR WKH ODFNRIGDWDRI WKHFULWLFDOVWUHVV LQWHQVLW\ IDFWRUV IRUGLIIHUHQWPDWHULDOVDQ
DOWHUQDWLYHSURFHGXUHLVVXJJHVWHGKHUHWRHYDOXDWH5 
$QDOWHUQDWLYHDSSURDFKIRUWKHHYDOXDWLRQRI5LVSURSRVHGKHUH%\UHIHUULQJWRWKHIDWLJXH
VWUHQJWKRISODLQDQGQRWFKHGVDPSOHVDW1$F\FOHVZKLFKLVWKHUHIHUHQFHYDOXHRIQXPEHURIF\FOHV
WRIDLOXUHLQWKHKLJKF\FOHIDWLJXHUHJLPHWKHYDOXHRI5FDQEHREWDLQHGE\HTXDWLQJWKHVWUDLQ
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HQHUJ\GHQVLW\RIWKHXQQRWFKHGVDPSOHWRWKHDYHUDJHGVWUDLQHQHUJ\GHQVLW\RYHUWKHVHFWRURIUDGLXV
5VXUURXQGLQJWKHWLSRIWKHQRWFKDVVKRZQLQ(T 
2
notchA,p
0
plain
0 ( )
2
W W R
E
V'   '                    
A,pV  LVWKHIDWLJXHVWUHQJWKRIWKHVPRRWKVDPSOHDW1$F\FOHVDQG(LVWKHHODVWLFPRGXOXVRIWKH
PDWHULDO )LJ  VKRZV WKH SURFHGXUH IRU WKH HYDOXDWLRQ RI WKH FRQWURO UDGLXV 5 RI WKH FULWLFDO
YROXPHE\XVLQJOLQHDUHODVWLF)($%\YDU\LQJWKHFRQWUROUDGLXV5DURXQGWKHQRWFKWLSLQWKH)(
PRGHOXQGHU DQRPLQDO VWUHVV ı$Q WKH FRUUHVSRQGLQJYDOXHVRI WKH VWUDLQ HQHUJ\GHQVLW\YDOXH
notch
W' DYHUDJHG RYHU WKH FRQWURO YROXPH FDQ EH HDVLO\ HYDOXDWHG ,W LV WKHQ SRVVLEOH WR ILW
notch ( )W R'  DVDIXQFWLRQRIWKHFRQWUROUDGLXV5REWDLQLQJDILWWLQJHTXDWLRQ7KHFRQWUROUDGLXV
5FDQEHFDOFXODWHGE\HTXDWLQJ notch ( )W R'  WRWKHVWUDLQGHQVLW\HQHUJ\IURPWKHSODLQVDPSOHV
plain
0W' 'XHWRWKHODFNRIH[SHULPHQWVSURYLGLQJWKHFULWLFDOYDOXHVRIWKHVWUHVVLQWHQVLW\IDFWRUV
WKHFRQWUROUDGLXVFDQEHHDVLO\HYDOXDWHGZLWKWKHSURFHGXUHH[SODLQHGDERYH 
7KHORFDO6('FDQDOVREHHDVLO\DQGGLUHFWO\FDOFXODWHGIURPWKHSRVWSURFHVVLQJRIWKH)($
E\VXPPLQJWKHHQHUJ\FRQWULEXWLRQV:HOHPHQWLIRUDOOWKHILQLWHHOHPHQWZLWKLQWKHFRQWUROYROXPH
9 
element,V i
w
W
W c
V
¦ '
                           
 
7KHSDUDPHWHUFZRI(TWDNHVLQWRDFFRXQWWKHORDGUDWLR5ZKHQWKHQRPLQDOVWUHVVDPSOLWXGH
LV DSSOLHG WR WKH )( PRGHO WR REWDLQ WKH ORFDO 6(' YDOXH >@$V SUHYLRXVO\ PHQWLRQHG LW LV
LPSRUWDQWWRUHPHPEHUWKDWUHILQHGPHVKDUHQRWQHFHVVDU\WRGHWHUPLQHWKHYDOXHVRIWKH6('
EHFDXVH WKLVSDUDPHWHU FDQEHGHWHUPLQHGYLD WKHQRGDOGLVSODFHPHQWV ZLWKRXW LQYROYLQJ WKHLU
GHULYDWLYHV>@7KLVPHDQVWKDWWKHPHDQYDOXHRIWKHORFDO6('LVVXEVWDQWLDOO\LQGHSHQGHQWRI
WKHPHVKVL]H7KHYDOXHRIWKH6('LQWKHFRQWUROYROXPHFDQEHDFFXUDWHO\GHWHUPLQHGWKURXJK
)($XVLQJUHJXODUFRDUVHPHVKHV 
,W VKRXOG EH PHQWLRQHG WKDW WKH DVVXPSWLRQ RI WKH 6(' DV D GDPDJH SDUDPHWHU DOORZV WR
VXPPDUL]H D ORW RI IDWLJXH GDWD REWDLQHG IRU QRWFKHG VSHFLPHQV LQ D UHDVRQDEOH VFDWWHU EDQG
*HQHUDOO\LWLVLPSRUWDQWWRXQGHUVWDQGWKHIDWLJXHEHKDYLRURIQRWFKHGFRPSRQHQWVDQGWRDVVHVV
ZLWKDUHDVRQDEOHDFFXUDF\WKHIDWLJXHVWUHQJWKZLWKRXWSHUIRUPLQJDODUJHQXPEHURIH[SHULPHQWV
7KHUHIRUHLQRUGHUWRSUHGLFWWKHIDWLJXHOLIHRIFRPSRQHQWVKDYLQJGLIIHUHQWJHRPHWULFDOIHDWXUHV
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WKH6(' W' YHUVXVWKHIDWLJXHOLIH1IUHODWLRQVKLSLVFDOFXODWHGE\FRQVLGHULQJWKHQRWFKHGVDPSOHV
DVVKDUSDVSRVVLEOHIROORZLQJWKHVDPHDSSURDFKGHYHORSHGIRUWKH7&'DQGGHVFULEHGDERYH,Q
FRPSOHWHDQDORJ\ZLWKWKHSURFHVVHPSOR\HGIRUWKH7&'E\DSSO\LQJLQWKH)(PRGHODYDOXHRI
QRPLQDOVWUHVVWKHDYHUDJHG6(' W' FDQEHHYDOXDWHGIURPWKHSRVWSURFHVVLQJRIWKH)(UHVXOWV
E\HPSOR\LQJ(T W'  YHUVXVWKHQXPEHURIF\FOHVWRIDLOXUH1IFDQEHH[SUHVVHGDVIROORZV 
f
DNW C'                                   
,Q(T&DQG'DUHPDWHULDOFRQVWDQWV.HHSLQJFRQVWDQWWKHPDWHULDODQGWKHQRPLQDOORDG
UDWLRWKHIDWLJXHOLIHFDQEHDVVHVVHGE\XVLQJ(TIRUDQ\JHRPHWULFDOFRQILJXUDWLRQRIWKH
QRWFK7KHIORZFKDUWVXPPDUL]LQJWKHSURFHGXUHXVHGWRHVWLPDWHIDWLJXHOLIHWLPHLVVKRZQLQ
)LJ 
2.3 7&'0HWKRGYDOLGDWLRQE\H[SHULPHQWDOGDWD 
,QRUGHUWRYDOLGDWHWKHDFFXUDF\RIWKH7&'LQSUHGLFWLQJWKHIDWLJXHOLIHRIQRWFKHGFRPSRQHQWV
VRPH GDWD VHWV WDNHQ IURP WKH OLWHUDWXUH KDYH EHHQ UHDQDO\]HG LQ WKH SUHVHQW LQYHVWLJDWLRQ7KH
VHOHFWHGVHULHVRIGDWDXQGHUXQLD[LDOORDGLQJDUHOLVWHGLQ7DEOH)RUWKHVHOHFWHGVHULHVWKHQRPLQDO
ORDGUDWLRYDULHVIURPXSWR,WLVZRUWKPHQWLRQLQJWKDWWKHFRQVWDQWV$DQG%LQ(TKDYH
EHHQGHWHUPLQHGE\FRQVLGHULQJWKHIDWLJXHFXUYHFRUUHVSRQGLQJWRXQQRWFKHGPDWHULDODQGWKDWIURP
YHU\VKDUSQRWFKHVLHWKHKLJKHVWYDOXHRIWKHVWUHVVFRQFHQWUDWLRQIDFWRU  
7KHDFFXUDF\RIWKH7&'DSSURDFKLQSUHGLFWLQJWKHQXPEHURIF\FOHVWRIDLOXUHDVDIXQFWLRQ
RIGLIIHUHQWJHRPHWULFDOFRQILJXUDWLRQLVVXPPDUL]HGE\WKHGLDJUDPVUHSRUWHGLQ)LJ3RLQWDQG
OLQHPHWKRGVKDYHEHHQDSSOLHGKHUHWRVXPPDUL]HWKHGDWD,Q)LJWKHH[SHULPHQWDOQXPEHURI
F\FOHVWRIDLOXUH1IDUHSORWWHGDJDLQVWWKHHVWLPDWHGQXPEHURIF\FOHVWRIDLOXUH1IH7KHVFDWWHU
EDQGV KDYH EHHQ FDOFXODWHG E\ FRQVLGHULQJ WKH IDWLJXH GDWD IURP SODLQ VSHFLPHQV DQG IURP WKH
VKDUSHVWQRWFKHGFRQILJXUDWLRQDYDLODEOHIRUHDFKVHWRIGDWD$SUREDELOLW\RIVXUYLYDO36HTXDOWR
DQGKDVEHHQFRQVLGHUHG7KHUHVXOWVVXPPDUL]HGLQ)LJFRQILUPWKDWWKH7&'PHWKRG
LVVXFFHVVIXOLQSUHGLFWLQJWKHXQLD[LDOIDWLJXHEHKDYLRURIGLIIHUHQWPDWHULDOV$OOWKHGDWDLQIDFW
IDOOZLWKLQWKHVFDWWHUEDQGRIWKHSDUHQWPDWHULDOZLWKWKHRQO\H[FHSWLRQRIWKHVDPSOHVFKDUDFWHUL]HG
E\DORZHUYDOXHRIWKHVWUHVVFRQFHQWUDWLRQIDFWRU:KHQWKHVWUHVVFRQFHQWUDWLRQIDFWRU.WGHFUHDVHV
WKHILQDOIDWLJXHDVVHVVPHQWWHQGWREHWRRFRQVHUYDWLYH2QWKHRWKHUKDQGWKH  SUHGLFWLRQRIWKH
GDWDFKDUDFWHUL]HGE\DKLJKHUYDOXHRI.WDOZD\VIDOOZLWKLQWKHVFDWWHUEDQGVKRZLQJDKLJKDFFXUDF\
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LQWKHILQDODVVHVVPHQWRIWKHIDWLJXHOLIH,QJHQHUDOWKHRYHUDOOEHVWDFFXUDF\LVDFKLHYHGE\DSSO\LQJ
WKH/0ZKHUHDVWKHDSSOLFDWLRQRIWKH30UHVXOWVLQVOLJKWO\FRQVHUYDWLYHSUHGLFWLRQV  
2.4 6('0HWKRGYDOLGDWLRQE\H[SHULPHQWDOGDWD 
7KH V\QWKHVLV RI WKH VDPH RULJLQDO H[SHULPHQWDO GDWD LQ WHUPV RI DYHUDJHG 6(' KDV EHHQ
SHUIRUPHGLQWKHSUHVHQWVHFWLRQRIWKHSDSHU$OOWKHPDLQSDUDPHWHUVQHFHVVDU\WRDSSO\WKH6('
DSSURDFKDUHVXPPDUL]HGLQ7DEOH7KHUHODWLRQVKLSOLQNLQJWKHORFDO6('ZLWK1IWKHVWUHVVEDVHG
VFDWWHULQGH[7ıWKHVWUDLQHQHUJ\EDVHGVFDWWHULQGH[7ZUHIHUUHGWRDSUREDELOLW\RIVXUYLYDOLQWKH
UDQJHRIDQGWKHFRQWUROUDGLXV5DUHVXPPDUL]HGLQ7DEOHIRUHDFKPDWHULDO,WFDQEH
QRWHGWKDWWKHYDOXHRI7:EHFRPHVHTXDOWRWKHYDOXHRI7ıZKHQUHFRQYHUWHGWRDQHTXLYDOHQWORFDO
VWUHVVUDQJH WT TV   
7KH6('DFFXUDF\LQWKHIDWLJXHSUHGLFWLRQKDVEHHQYDOLGDWHGLQ)LJ7KHUHVXOWVUHSRUWHGLQ
)LJ  FRQILUP WKDW WKH6('PHWKRG LV DEOH WRSUHGLFWZLWKJRRGDFFXUDF\ WKH IDWLJXHGDWD IURP
GLIIHUHQW PDWHULDOV DQG JHRPHWULHV ZLWK DOO WKH GDWD IDOOLQJ ZLWKLQ WKH VFDWWHU EDQG RI WKH SDUHQW
PDWHULDOZLWKWKHRQO\H[FHSWLRQRIWKHQRWFKHGVSHFLPHQVFKDUDFWHUL]HGE\DORZYDOXHRIWKHVWUHVV
FRQFHQWUDWLRQIDFWRU 
,QRUGHUWRSUHFLVHFRPSDULVRQRIWKHFDOFXODWLRQUHVXOWVREWDLQHGZLWKWKHGLVFXVVHGPHWKRGV
WKHPHWKRGVSUHGLFWLRQHUURUFDQEHGHILQHGDFFRUGLQJWRWKHIROORZLQJUHODWLRQVKLS>@ 
 
f
10
f,e
logN
NE
N
§ · ¨ ¸¨ ¸© ¹
                            
7KHSUREDELOLW\GHQVLW\IXQFWLRQRIHUURUVRIIDWLJXHOLIHGHWHUPLQDWLRQLVVKRZQLQ)LJZKLFK
VKRZVWKHVLPLODUGLVWULEXWLRQDVVKRZQLQ)LJVDQG)URPWKHILJXUHLWDSSHDUVWKDWWKHHUURUVDUH
VOLJKWO\GLVSODFHGWRZDUGVWKHVDIHDUHDIRUWKHUHVXOWVFDOFXODWHGE\WKH7&'EXWWKHHUURUVE\WKH
6('DUHVRPHWLPHVXQVDIHDQGRWKHUWLPHVVDIHZLWKRXWDFOHDUUHJXODULW\ 
3 )DWLJXHDVVHVVPHQWRIXQQRWFKHGDQGQRWFKHGFRPSRQHQWVXQGHUPXOWLD[LDOIDWLJXHORDGLQJ 
3.1 7KH0:&0LQIDWLJXHDVVHVVPHQW 
6HYHUDOPXOWLD[LDOIDWLJXHFULWHULDKDYHEHHQIRUPDOL]HGDQGYDOLGDWHGLQRUGHUWRPDNHUHOLDEOH
DQG DFFXUDWH IDWLJXH SUHGLFWLRQV RI FRPSRQHQWV VXEMHFWHG WR FRPSOH[ PXOWLD[LDO ORDGLQJ SDWKV
$PRQJ WKHVH GLIIHUHQW FULWHULD WKH &ULWLFDO 3ODQH 0HWKRG EDVHG FULWHULD KDYH EHHQ IRXQG YHU\
HIIHFWLYH>@,QSDUWLFXODUWKH0RGLILHG:|KOHU&XUYH0HWKRG0:&0KDVEHHQVXFFHVVIXOO\
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DSSOLHG QRW RQO\ WR XQQRWFKHG VSHFLPHQV EXW DOVR WR QRWFKHG FRPSRQHQWV VXEMHFWHG WR GLIIHUHQW
PXOWLD[LDOORDGLQJFRQGLWLRQV>@ 
7KH0:&0SRVWXODWHVWKDWWKHIDWLJXHGDPDJHPDLQO\GHSHQGVRQWKHPD[LPXPVKHDUVWUHVV
DPSOLWXGHĲDWKHPHDQYDOXHıQPDQGWKHDPSOLWXGHRIWKHQRUPDOVWUHVVıQDPHDVXUHGRQWKHFULWLFDO
SODQH>@7KHHIIHFWLYHYDOXHRIWKHFULWLFDOSODQHVWUHVVUDWLRȡHIIFDQEHGHILQHGDVIROORZV 
n,m n,a
eff
a
mV VU W
                              
,Q(TPLVWKHPHDQVWUHVVVHQVLWLYLW\LQGH[ZKLFKLVDPDWHULDOFRQVWDQWUDQJLQJEHWZHHQDQG
,WJLYHVDPHDVXUHRIWKHPDWHULDOVHQVLWLYLW\WRQRQ]HURPHDQVWUHVVHVSHUSHQGLFXODUWRWKHFULWLFDO
SODQHV,QSDUWLFXODUPWDNHVRQWKHIROORZLQJYDOXH  
n,aa 0 a
n,m 0 0 a
2
2
m
VW W W
V W V W
 
 
§ · ¨ ¸¨ ¸© ¹
                    
ZKHUH aW   n,mV   DQG n,aV  DUHWKHFULWLFDOSODQHVWUHVVFRPSRQHQWVGHWHUPLQHGXQGHUDORDGUDWLR5
ODUJHUWKDQZKHUHWKHUHOHYDQWVWUHVVFRPSRQHQWVUHODWLYHWRWKHFULWLFDOSODQH 0V  DQG 0W  DUH
IXOO\UHYHUVHGXQLD[LDOIDWLJXHOLPLWDQGIXOO\UHYHUVHGWRUVLRQDOIDWLJXHOLPLWUHVSHFWLYHO\,QJHQHUDO
ZKHQWKHPHDQVWUHVVVHQVLWLYLW\LQGH[PLVQRWDYDLODEOHWKHPDWHULDOFDQEHDVVXPHGWREHIXOO\
VHQVLWLYHWRWKHSUHVHQFHRIQRQ]HURPHDQVWUHVVHVSHUSHQGLFXODUWRWKHFULWLFDOSODQHVLHP 
LQFUHDVLQJWKHGHJUHHRIFRQVHUYDWLVPRIWKHHVWLPDWHV>@ 
$ ODUJH DPRXQW RI H[SHULPHQWDO GDWD KDYH VKRZQ WKDW WKH IDWLJXH OLIHWLPH FDQ EH HVWLPDWHG
WKURXJKWKHGHJUHHRIPXOWLD[LDOLW\RIWKHVWUHVVILHOGGDPDJLQJWKHIDWLJXHSURFHVV]RQHLQWHUPVRI
ȡHII>@$FFRUGLQJWRWKHPRGLILHG:|KOHUGLDJUDPVWKHQHJDWLYHLQYHUVHVORSHNĲȡHIIYHUVXV
ȡHII DQG WKH UHIHUHQFH VKHDU VWUHVV DPSOLWXGH Ĳ$5HIȡHII YHUVXV ȡHII UHODWLRQVKLSV DUH REWDLQHG E\
UXQQLQJDSSURSULDWHH[SHULPHQWVDVVKRZQLQ)LJ7KHFDOLEUDWLRQIXQFWLRQVDUHGHILQHGDVIROORZ 
eff eff( )k a bW U U                            
A,Ref eff eff( )W U DU E                          
ZKHUHDEĮDQGȕDUHIDWLJXHFRQVWDQWVWREHGHWHUPLQHGH[SHULPHQWDOO\7KHDFFXUDF\RIFRQVWDQWV
FDQEHLQFUHDVHGE\FRQVLGHULQJDODUJHQXPEHURIIDWLJXHFXUYHVIRUWKHFDOLEUDWLRQ 
)LJVXPPDUL]HVWKHXVHRIWKH0:&0PHWKRGWRHVWLPDWHWKHIDWLJXHOLIHWLPHRIFRPSRQHQWV
,QPRUHGHWDLO IURP WKHVWUHVV VWDWH DWSRLQW2 WKHPD[LPXPVKHDUVWUHVVDPSOLWXGH ĲD DQG WKH
HIIHFWLYHFULWLFDOSODQHVWUHVVUDWLRȡHIIFDQEHGHWHUPLQHGE\WDNLQJIXOODGYDQWDJHRIWKH0D[LPXP
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9DULDQFH 0HWKRGV >@7KH 0D[LPXP9DULDQFH 0HWKRG DVVXPHV WKDW WKH IDWLJXH GDPDJH LV
SURSRUWLRQDOWRWKHYDULDQFHRIWKHORDGKLVWRU\WKDWLVGDPDJLQJDWWKHDVVXPHGFULWLFDOSRLQWWKH
FRPSRQHQW EHLQJ DVVHVVHG 6XEVHTXHQWO\ DFFRUGLQJ WR WKH FDOFXODWHG YDOXH RI ȡHII WKH PRGLILHG
:|KOHUFXUYHFRUUHVSRQGLQJWRWKHGHJUHHRIPXOWLD[LDOLW\RIWKHFRQVLGHUHGVWUHVVILHOGDFWLQJRQWKH
IDWLJXHSURFHVV]RQHFDQEHHVWLPDWHGGLUHFWO\IURP(TVDQG,QJHQHUDOZKHQWKHGHJUHH
RIPXOWLD[LDOLW\RIWKHVWUHVVILHOGUHODWLYHWRWKHIDWLJXHSURFHVV]RQHLVHYDOXDWHGLQWHUPVRIȡHIIWKH
FRQVWDQWV RI IXQFWLRQV NĲȡHII DQG Ĳ$5HIȡHII KDYH WR EH GHWHUPLQHG E\ XVLQJ WKH IXOO\ UHYHUVHG
XQLD[LDO DQG WRUVLRQDO IDWLJXH FXUYHV )LQDOO\ IDWLJXH OLIHWLPH RI SODLQ FRPSRQHQWV XQGHU WKH
LQYHVWLJDWHGORDGLQJFRQGLWLRQFDQEHSUHGLFWHGE\XVLQJWKHIROORZLQJHTXDWLRQ 
eff( )
A,Ref eff
f,e 0
a
( ) k
N N
W UW U
W
ª º « »¬ ¼
                      
,QWKHOLJKWRIWKHJRRGDFFXUDF\VKRZQE\WKH7&'ZKHQHPSOR\HGWRSUHGLFWIDWLJXHOLIHWLPH
RIQRWFKHGFRPSRQHQWVWKHH[WHQVLRQRI0:&0KDVEHHQDOVRSURSRVHGWREHDSSOLHGLQWHUPVRI
WKH7&'WRSUHGLFW WKHIDWLJXHOLIHWLPHRIQRWFKHGFRPSRQHQWV ,W LVZRUWKQRWLQJWKDWDPRQJWKH
GLIIHUHQW IRUPDOL]DWLRQV RI WKH7&' 30 KDV EHHQ XVHG WR HVWLPDWH KLJKF\FOHV IDWLJXH VWUHQJWK
EHFDXVHWKHVWUHVVVWDWHDWRQHVLQJOHSRLQWLVPXFKHDVLHUWREHKDQGOHGXQGHUFRPSOH[PXOWLD[LDO
ORDG KLVWRULHV$V SRVWXODWHG E\ WKH 7&' WKH FULWLFDO GLVWDQFH YDOXH WR EH XVHG WR FDOFXODWH DQ
HIIHFWLYHHTXLYDOHQWVWUHVVLVDPDWHULDOGHSHQGHQWSURSHUW\ZKRVHYDOXHLQFUHDVHVZLWKGHFUHDVLQJ
WKHQXPEHURIF\FOHVWRIDLOXUHDVVKRZQLQ(T 
7RHVWLPDWHWKHIDWLJXHOLIHWKHHPSOR\HGPHWKRGRORJ\LVGHVFULEHGLQ)LJ,QPRUHGHWDLO
LQLWLDOO\WKHOLQHDUHODVWLFVWUHVVGLVWULEXWLRQDORQJWKHIRFXVSDWKUKDVWREHFDOFXODWHGE\XVLQJHLWKHU
DQDO\WLFDORUQXPHULFDOPHWKRGV7KHYDOXHVRIWKHHIIHFWLYHYDOXHRIWKHFULWLFDOSODQHVWUHVVUDWLR
ȡHIIUWKHPD[LPXPVKHDUVWUHVVDPSOLWXGHĲDUWKHDPSOLWXGHRIWKHVWUHVVSHUSHQGLFXODUWRWKH
FULWLFDOSODQHıQDUDQGWKHPHDQVWUHVVSHUSHQGLFXODUWRWKHFULWLFDOSODQHıQPUDUHFDOFXODWHGDW
WKHFULWLFDOSODQHLGHQWLILHGDORQJWKHIRFXVSDWKDVVKRZQLQ)LJ$WDQ\GLVWDQFHU IURPWKH
QRWFKWLSDQGDFFRUGLQJWRWKHFDOFXODWHGYDOXHVRIĲDDQGȡHIIWKHFRUUHVSRQGLQJPRGLILHG:|KOHU
FXUYHFDQEHHVWLPDWHGE\XVLQJWKHNĲYVȡHIIDQGĲ$5HIYVȡHIIUHODWLRQVKLSVSUHYLRXVO\FDOLEUDWHG
WKURXJKWKHSDUHQWPDWHULDOIDWLJXHSURSHUWLHV7KHFRUUHVSRQGLQJQXPEHURIF\FOHVWRIDLOXUH1IFDQ
EHFDOFXODWHGGLUHFWO\DWDQ\SRLQWEHORQJLQJWRWKHIRFXVSDWK6XEVHTXHQWO\IRUDQ\YDOXHRIUWKH
FULWLFDO GLVWDQFH /0 LV FDOFXODWHG DFFRUGLQJ WR (T  )LQDOO\ WKH FRPSRQHQW WR EH DVVHVVHG LV
DVVXPHGWRIDLODWWKHQXPEHURIF\FOHVWRIDLOXUH1IHZKHQWKHGLVWDQFHULVHTXDOWRWKHFULWLFDO
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3.2 0XOWLD[LDOIDWLJXHDVVHVVPHQWE\PHDQVRI6(' 
(OO\LQHWDOVXJJHVWHGWKDWIDWLJXHOLIHRIXQQRWFKHGFRPSRQHQWVFDQEHPDGHE\FRQVLGHULQJ
ERWK WKHSODVWLF HQHUJ\ DQG WKHSRVLWLYH HODVWLF HQHUJ\ >@7KLV DVVXPSWLRQ LV EDVHGRQ WKH
H[SHULPHQWDOHYLGHQFHWKDWLQWKHKLJKF\FOHIDWLJXHUHJLPHIDWLJXHGDPDJHPDLQO\GHSHQGVRQWKH
FRQWULEXWLRQRIHODVWLFHQHUJ\GXHWRWKHSODVWLFHQHUJ\LVLQJHQHUDOQHJOLJLEOH>@  
7KHHODVWLFVWUDLQLQFUHPHQWLVUHODWHGWRWKHVWUHVVLQFUHPHQWWKURXJKWKHJHQHUDOL]HG+RRNH¶V
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,Q(TȣLVWKH3RLVVLRQUDWLR(WKH<RXQJPRGXOXVDQG ijG  WKH.URQHFNHUGHOWD ijG  LVHTXDO
WRZKHQL MDQGLWLVHTXDOWRRWKHUZLVHDQGDUHSHDWHGLQGH[LPSOLHVVXPPDWLRQRYHULWVUDQJH
11 22 33kkV V V V   LQWKLVFDVHLM   
7KHHODVWLF6('FDQEHFDOFXODWHGDV 
e
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)RUDQLVRWURSLFOLQHDUHODVWLFPDWHULDOE\VXEVWLWXWLQJ(TLQWR(TDQGLQWHJUDWLQJWKH
IROORZLQJH[SUHVVLRQFDQEHREWDLQHG  
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7KHILUVWWHUPRQWKHULJKWKDQGVLGHRIWKHHTXDWLRQLVWKHGHYLDWRULFVWUDLQHQHUJ\GHQVLW\ZKLOHWKH
VHFRQGWHUPLVUHODWHGWRWKHVWUDLQHQHUJ\OLQNHGWRWKHYROXPHFKDQJH7KHIROORZLQJH[SUHVVLRQV
FDQWKHQEHZULWWHQ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 
,Q(T  1 xx yy zzI V V V    DQG    2 2 22 xx yy yy zz xx zz xy yz zxI V V V V V V W W W        DUH WKH ILUVW
DQGVHFRQGLQYDULDQWVRIWKHVWUHVVWHQVRUUHVSHFWLYHO\ 
%\XVLQJWKHDERYHUHODWLRQVKLSVLWLVVWUDLJKWIRUZDUGWRREWDLQ
eW' IRUSODLQVSHFLPHQVXQGHU
PXOWLD[LDOIDWLJXHORDGLQJ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:LWK WKHDLP WRXQLI\ LQ D VLQJOHGLDJUDP WKH IDWLJXHGDWD UHODWHG WRGLIIHUHQWYDOXHVRI WKH
QRPLQDOORDGUDWLR5LWLVDOVRQHFHVVDU\WRFRQVLGHUDZHLJKWLQJIDFWRULQWKHWKHSUHYLRXVH[SUHVVLRQ
)RUXQQRWFKHGVSHFLPHQVXQGHUGLIIHUHQWORDGLQJPRGHVVXEVWLWXWLQJIURP(TLQWR(T
WKHH[SUHVVLRQVEHFRPH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$VVKRZQLQWKHILUVWSDUWRIWKHSDSHUWKH6('DVDGDPDJHSDUDPHWHUDOORZVDOOWKHIDWLJXH
GDWDREWDLQHG IURPSODLQ VSHFLPHQVZLWKGLIIHUHQW ORDGLQJPRGHV WREH VXPPDUL]HG LQ DQDUURZ
VFDWWHUEDQG W'  YHUVXVWKHIDWLJXHOLIH1IFDQEHH[SUHVVHGDVIROORZVLQDQDORJ\ZLWKWKH:|KOHU
FXUYHUHSUHVHQWDWLRQ 
f
BNW A'                                   
,Q(T$DQG%DUHPDWHULDOFRQVWDQWV$VVRRQDVWKHFXUYH W' 1ILVGUDZQ(TLVYHU\
FRQYHQLHQWWRGHWHUPLQHWKHGLIIHUHQWYDOXHVRI W'  DVDIXQFWLRQRIWKHIDWLJXHOLIH1I 
7KH H[WHQVLRQ WR QRWFKHG FRPSRQHQWV LV PRUH FRPSOLFDWHG GXH WR WKH HIIHFWV RI WKH VWUHVV
FRQFHQWUDWLRQDQGVWUHVVJUDGLHQWVLQWKHSUR[LPLW\RIWKHQRWFKWLS7KHQRWFKVWUHVVILHOGLVGHSHQGHQW
RQWKHQRWFKVKDSHDQGLWVGLPHQVLRQDOIHDWXUHV)RUVWUXFWXUDOFRPSRQHQWVVXEMHFWHGWRPXOWLD[LDO
ORDGLQJFRQGLWLRQVLQSUHVHQFHRI9QRWFKHVZLWKDVPDOOURRWUDGLXVPRGH,DQGPRGH,,,16,)V.
DQG.FDQTXDQWLI\WKHVWUHVVILHOGLQWKHYLFLQLW\RIWKHQRWFKWLS>@7KHDYHUDJHGVWUDLQHQHUJ\
FDOFXODWLRQLVEDVHGRQWKHORFDOVWUHVVDQGVWUDLQVWDWHLQDFRQWUROYROXPHHPEUDFLQJWKHQRWFKWLS
7KHVHSDUDPHWHUVDUHHYDOXDWHGIURPOLQHDUHODVWLF)(DQDO\VHVWDNLQJLQWRFRQVLGHUDWLRQDVKDUS9
QRWFKZLWKWLSUDGLXVHTXDOWRVHH)LJ,QSDUWLFXODUZLWKUHIHUHQFHWRWKHFRRUGLQDWHV\VWHP
VKRZQ LQ )LJ  WKH PRGH , DQG PRGH ,,, 16,)V FDQ EH GHILQHG E\ PHDQV RI WKH IROORZLQJ
H[SUHVVLRQV>@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7KH HLJHQYDOXHV Ȝ DQG Ȝ GHSHQG RQ WKH QRWFK RSHQLQJ DQJOH Į 2Q WKH RWKHU KDQG LQ
FRQGLWLRQVRIOLQHDUHODVWLFK\SRWKHVLVWKH16,)VFDQEHOLQNHGWRWKHQRPLQDOVWUHVVFRPSRQHQWV
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ZKHUHGLVWKHQRWFKGHSWKZKLOHNDQGNDUHQRQGLPHQVLRQDOIDFWRUVGHULYHGIURP)(DQDO\VHV
ZKLFKVLPSO\WDNHLQWRDFFRXQWWKHVKDSHRIWKHFRPSRQHQWLQDQDORJ\ZLWKWKHUHSUHVHQWDWLRQRI
OLQHDUHODVWLFIUDFWXUHPHFKDQLFV,QWKHFDVHRI9QRWFKHGVSHFLPHQVVXEMHFWHGWRPRGH,,,,XQGHU
OLQHDUHODVWLFLW\K\SRWKHVLVWKH6('DYHUDJHGRYHUDFRQWUROYROXPHZKLFKHPEUDFHVWKHQRWFKWLS
FDQEHH[SUHVVHGE\PHDQVRIWKHIROORZLQJHTXDWLRQ>@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,Q(Tǻ.DQGǻ.UHSUHVHQWWKHYDOXHVRI0RGH,DQG0RGH,,,16,)UDQJHVZKLOH5DQG5
DUHWKHUDGLXVRIWKHFRQWUROYROXPHXQGHU0RGH,DQG0RGH,,,7KHIXQFWLRQVHDQGHDUHWZR
SDUDPHWHUVUHODWHGWRWKH9QRWFKJHRPHWU\7KHVHSDUDPHWHUVDUHGLUHFWO\OLQNHGWRWKHLQWHJUDOVRI
WKHDQJXODUIXQFWLRQVRYHUWKHFRQWUROYROXPHRIWLSDQGFDQEHGHWHUPLQHGRQFHWKH9QRWFKRSHQLQJ
DQJOHLVNQRZQ>@ 
7KHFDOFXODWLRQRI16,)6UHTXLUHVDUHILQHGPHVKLQWKHSUR[LPLW\RIWKHQRWFKWLSZKHUHWKH
VWUHVVILHOGLVVLQJXODU2QWKHRWKHUKDQGWKH6('DYHUDJHGRYHUDFRQWUROYROXPHFDQEHDFFXUDWHO\
REWDLQHGE\PHDQVRIUHODWLYHO\FRDUVHPHVKHVDVH[SODLQHGLQSUHYLRXVZRUNV>@%\FRQVLGHULQJ
LQGHSHQGHQWO\0RGH,DQG0RGH,,,ORDGLQJWKHFRQWUROUDGLL5DQG5FDQEHHVWLPDWHG7KH\FDQ
EHHVWLPDWHGE\FRQVLGHULQJWKHKLJKF\FOHIDWLJXHVWUHQJWKVGHULYHGIURPXQQRWFKHGVSHFLPHQVDQG
WKHYDOXHVRIǻ.$DQGǻ.$UHIHUUHGWRDQXPEHURIF\FOHV1$EHORQJLQJWRWKHKLJKF\FOHIDWLJXH
UHJLPH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,QRUGHUWRXQLI\LQDFRPPRQGLDJUDPWKHIDWLJXHUHVXOWVE\DGRSWLQJGLIIHUHQWQRPLQDOORDG
UDWLR5 WKHZHLJKWLQJSDUDPHWHUFZKDV WREH WDNHQ LQWRDFFRXQW7KHUHIRUH WKH ILQDO H[SUHVVLRQ
EHFRPHVDVIROORZ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:KHQEOXQWQRWFKHVDUHFRQVLGHUHGWKHDSSOLFDWLRQRI16,)VLVQRWORQJHUYDOLG,QWKLVFDVH
WKHDYHUDJHG6('FDQEHOLQNHGWRWKHHODVWLFSHDNVWUHVVDWWKHQRWFKWLS7KHWRWDOVWUDLQHQHUJ\
GHQVLW\FDOFXODWHGDWWKHQRWFKWLSFDQEHH[SUHVVHGDV>@ 
2 2w
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V Q Wª º'  '   '¬ ¼                  
,Q(T(DQGȣDUHWKH<RXQJPRGXOXVDQGWKH3RLVVRQUDWLRDQGǻıSHODQGǻĲSHODUHWKHHODVWLF
SHDNVWUHVVUDQJHVDWWKHQRWFKWLS(TFDQEHDOVRUHZULWWHQLQWHUPVRIWKHWKHRUHWLFDOVWUHVV
FRQFHQWUDWLRQIDFWRUV 
2 2 2 2w
t net,axial net t net,torsional net2(1 )2
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V Q Wª º'  '   '¬ ¼         
$VSUHYLRXVO\PDGHLQWKHSDSHU W'  FDQEHUHODWHGWR1IE\PHDQVRIWKHIROORZLQJH[SUHVVLRQ 
f
DW CN'                                  
ZKHUH&DQG'DUHPDWHULDOFRQVWDQWV7KHIDWLJXHOLIHFDQEHDVVHVVHGE\XVLQJ(TIRUQRWFKHG
FRPSRQHQWVXQGHUPXOWLD[LDOORDGLQJ 
3.3 0:&0PHWKRGYDOLGDWLRQE\XVLQJXQQRWFKHGFRPSRQHQWV 
7KHV\VWHPDWLFYDOLGDWLRQRIWKHSURSRVHGPHWKRGZDVSHUIRUPHGE\XVLQJDODUJHQXPEHURI
H[SHULPHQWDOGDWDWDNHQIURPWKHOLWHUDWXUH$V\QWKHVLVLVSURYLGHGLQ7DEOHZKHUHWKHFRQVWDQWV
RIWKHWZRIDWLJXHPDVWHUFXUYHVXVHGWRFDOLEUDWHWKHPHWKRGZHUHUHSRUWHGWRJHWKHUZLWKWKHIXOO\
UHYHUVHGIDWLJXHOLPLWVı$DQGĲ$WKHXOWLPDWHVWUHQJWKıXDQGUHIHUHQFHQXPEHURIF\FOHVWRIDLOXUH
1$ 
,QRUGHUWRJHWDJRRGXQGHUVWDQGLQJRIWKHVWDWLVWLFDOGLVWULEXWLRQE\XVLQJWKH0:&0)LJ
VKRZV WKHFRUUHODWLRQRI H[SHULPHQWDO IDWLJXH OLIH 1I YHUVXV HVWLPDWHG IDWLJXH OLIH 1IH IRU DOO WKH
PDWHULDOV UHDQDO\]HG LQ WKH SUHVHQW ZRUN ,Q WKHVH GLDJUDPV ERWK PXOWLD[LDO IDWLJXH GDWD DQG
FDOLEUDWLRQGDWDDUHSORWWHGWRJHWKHU&DOLEUDWLRQGDWDLQFOXGHWKHXQLD[LDOEHQGLQJDQGWRUVLRQDOGDWD
XVHGWRFDOLEUDWHE\PHDQVRI(TVDQGWKH0:&0FULWHULRQ,QWKHGLDJUDPVWKHFRQWLQXRXV
VWUDLJKWOLQHVGHILQHWKHXQLD[LDORUEHQGLQJVFDWWHUEDQGVZKLOHWKHGDVKHGOLQHVGHILQHWKHWRUVLRQDO
VFDWWHUEDQGV$VPHQWLRQHGDERYHDOOVFDWWHUEDQGVZHUHFDOFXODWHGXQGHUWKHK\SRWKHVLVRIDORJ
QRUPDOGLVWULEXWLRQRIWKHQXPEHURIF\FOHVWRIDLOXUHZLWKDFRQILGHQFHOHYHOHTXDOWR 
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)LJVKRZVWKDWDOOGDWDIURPPXOWLD[LDOVSHFLPHQVPDLQO\IDOOZLWKLQWKHZLGHVWVFDWWHUEDQG
UHODWHGHLWKHUWRXQLD[LDORUWRWRUVLRQDOORDGLQJV7KLVVLPSO\PHDQVWKDWWKH0:&0DOORZVDVRXQG
PXOWLD[LDOIDWLJXHOLIHSUHGLFWLRQFKDUDFWHUL]HGE\DVWDWLVWLFDOVFDWWHULQGH[FORVHWRWKRVHH[KLELWHG
E\WKHWZRPDVWHUFXUYHVXVHGWRFDOLEUDWHWKHPHWKRG7KHLQWULQVLFGLVSHUVLRQRIWKHWZRFDOLEUDWLRQ
FXUYHV REYLRXVO\ LQIOXHQFHV WKH GHJUHH RI DFFXUDF\ RI WKH SUHGLFWLRQV XQGHU PXOWLD[LDO IDWLJXH
FRQGLWLRQV 0RUH SUHFLVH SUHGLFWLRQV FDQ RQO\ EH REWDLQHG E\ UHGXFLQJ WKH GLVSHUVLRQ RI GDWD
EHORQJLQJWRWKHPDVWHUFXUYHVNHHSLQJLQWRFRQVLGHUDWLRQDGGLWLRQDOSDUDPHWHUV 
,QWKHPDMRULW\RIWKHFDVHVWKHHIIHFWRIWKHPHDQYDOXHRIWKHWRUVLRQDOVWUHVVFDQEHGLVUHJDUGHG
EXWWKLVGRHVQRWKROGWUXHIRUH[DPSOHLQWKHFDVHRI*$VWHHOVSHFLPHQVDVVKRZQLQ)LJ
7KLVPDWHULDOLVYHU\VHQVLWLYHWRWKHPHDQYDOXHRIWKHWRUVLRQDOFRPSRQHQWDQGWKLVFDXVHVQRQ
FRQVHUYDWLYH IDWLJXH OLIHWLPH SUHGLFWLRQV ZKHQ WKH ORDG UDWLR 5 LV ODUJHU WKDQ  &RQVHUYDWLYH
SUHGLFWLRQV LQ WKH IDWLJXH OLIH KDYH EHHQ REVHUYHG IRU ORZ FDUERQ VWHHO 7KLV RYHU FRQVHUYDWLYH
HVWLPDWLRQV FDQ EH H[SODLQHG FRQVLGHULQJ WKDW WKLV PDWHULDO WHQGV WR KDYH QRQ QHJOLJLEOH SODVWLF
GHIRUPDWLRQDOVRLQWKHKLJKF\FOHIDWLJXHUHJLPH 
3.4 6('YDOLGDWLRQXQGHUPXOWLD[LDOORDGLQJ 
7KHV\QWKHVLVRIWKHRULJLQDOH[SHULPHQWDOGDWDLQWHUPVRIWKH6('PHWKRGDFFRUGLQJWR(T
KDVEHHQHYDOXDWHG$OOWKHGDWDIRUDVXLWDEOHDSSOLFDWLRQRIWKHFULWHULRQDUHOLVWHGLQ7DEOH
7KHVFDWWHULQGH[YDOXHVDUHFORVHWRWKRVHSUHYLRXVO\VXJJHVWHGE\+DLEDFK7KH6('DFFXUDF\LQ
WKHFDVHRIPXOWLD[LDOORDGLQJFRQGLWLRQVLVZHOOYLVLEOHLQ)LJZKLFKUHSRUWHGWKHH[SHULPHQWDO
QXPEHURIF\FOHVWRIDLOXUH1IYHUVXVWKHHVWLPDWHGQXPEHURIF\FOHVWRIDLOXUH1IH,QSDUWLFXODU
WKH FRQWLQXRXV VWUDLJKW OLQHV GHILQH WKH XQLD[LDO VFDWWHU EDQGV ZKLOH WKH GDVKHG OLQHV GHILQH WKH
WRUVLRQDO VFDWWHU EDQGV E\ SRVWSURFHVVLQJ WKH H[SHULPHQWDO GDWD JHQHUDWHG E\ WHVWLQJ SODLQ
VSHFLPHQVXQGHUERWKXQLD[LDODQGWRUVLRQDOIXOO\UHYHUVHGORDGLQJ7KHSUREDELOLW\GHQVLW\IXQFWLRQ
RIFDOFXODWLRQHUURUVVKRZQLQ)LJSURYHVWKHDFFXUDF\RISUHGLFWLQJUHVXOWVREWDLQHGIURPWKH
WZRPRGHOV7KHREWDLQHGUHVXOWVFDOFXODWHGE\WKH6('DUHPRVWO\LQWKHVDPHSURSRUWLRQDWWKHVDIH
DQGGDQJHURXVVLGHV 
7KHGLDJUDPVLQ)LJPDNHLWHYLGHQW WKDW WKHV\VWHPDWLFDGRSWLRQRI(TUHVXOWHGLQ
HVWLPDWLQJIDWLJXHOLIHPDLQO\IDOOLQJZLWKLQWKHSDUHQWPDWHULDOWRUVLRQDOVFDWWHUEDQGIRUWKHPDMRULW\
RIWKHFRQVLGHUHGPDWHULDOV7KHVHGLDJUDPVFOHDUO\VKRZWKDWWKH6('LVDQDFFXUDWHPHWKRGIRUD
ZLGHYDULHW\RIPXOWLD[LDOORDGLQJFRQILJXUDWLRQV7KH6('PHWKRGVXPPDULVHVDOOWKHH[SHULPHQW
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GDWD XQGHU GLIIHUHQW ORDGLQJ FRQGLWLRQ WRJHWKHU WR JHW WKH 6(' W'  YHUVXV WKH IDWLJXH OLIH 1I
UHODWLRQVKLSWKURXJKDOHDVWVTXDUHVOLQHDUUHJUHVVLRQ,WVPDLQDGYDQWDJHLVWKDWWKHEHVWILWWLQJOLQH
LVWKHOLQHZLWKPLQLPXPHUURUIURPDOOWKHSRLQWVZKLFKFRXOGFRUUHFWWKHHUURUHIILFLHQWO\7KHUHIRUH
LQ RUGHU WR SUHGLFW WKH IDWLJXH OLIH RI SODLQ VSHFLPHQV WKH 6(' W'  YHUVXV WKH IDWLJXH OLIH 1I
UHODWLRQVKLSLVFDOFXODWHGDFFXUDWHO\E\DODUJHQXPEHURIIDWLJXHH[SHULPHQWDOGDWD 
7KHRQO\HIIHFWRQWKLVLQWKHSUHGLFWLRQLVWKDWWKH6('LVQRWDEOHWRWDNHLQWRDFFRXQWWKHHIIHFW
RIQRQSURSRUWLRQDOORDGLQJWKDWIRUPDQ\PDWHULDOVLVQHJOLJLEOH6RWKLVLVQRWDGUDZEDFNLQPDQ\
FDVHV ,Q DGGLWLRQ DV D VFDODU TXDQWLW\ ZLWKLQ D YROXPH WKH 6(' PHWKRG FDQQRW FRQVLGHU WKH
SUHIHUHQWLDORULHQWDWLRQRIFUDFNSDWK7KHDVVXPSWLRQPLJKWEHDFFHSWDEOHIURPDQHQJLQHHULQJSRLQW
RIYLHZRQO\FRQVLGHULQJWKHFUDFNLQLWLDWLRQOLIHDQGQRWWKHZKROHIDWLJXHOLIHRIWKHFRPSRQHQW
ZKLFKLVDOVRDOLPLWDWLRQRIWKH7&'  
3.5 0:&0YDOLGDWLRQXVLQJQRWFKHGFRPSRQHQWV 
,QRUGHUWRLQYHVWLJDWHWKHDFFXUDF\RIWKH0:&0DSSOLHGLQFRQMXQFWLRQZLWKWKH30VRPH
PXOWLD[LDOIDWLJXHGDWDUHVXOWVWDNHQIURPWKHOLWHUDWXUH$FFRUGLQJWRWKHSURFHGXUHEULHIO\H[SODLQHG
DERYHWKHWZRIDWLJXHFXUYHVJHQHUDWHGE\WHVWLQJXQGHUIXOOUHYHUVHGXQLD[LDOIDWLJXHORDGLQJWKH
SODLQVSHFLPHQVDQGWKHQRWFKHGVDPSOHVUHVSHFWLYHO\KDYHEHHQXVHGWRFDOFXODWHFRQVWDQWV$DQG
%LQWKH/0YHUVXV1IUHODWLRQVKLS7KHFRQVWDQWVDEĮDQGȕDVZHOODVȡOLPKDYHEHHQGHWHUPLQHG
WKURXJKWKHXQLD[LDODQGWRUVLRQDOIXOO\UHYHUVHGSODLQIDWLJXHFXUYHV7KHPHDQVWUHVVVHQVLWLYLW\
LQGH[PKDVEHHQHVWLPDWHGE\XVLQJDXQLD[LDOOLPLWJHQHUDWHGXQGHUDORDGUDWLR5ODUJHUWKDQ
7KHYDOXHVRIWKHFRQVWDQWVQHHGHGWRFDOLEUDWHERWKWKH0:&0DQGWKHWKH/0YHUVXV1IUHODWLRQVKLS
DUHVXPPDUL]HGLQ7DEOH 
7KH1IYHUVXV1IHGLDJUDPVUHSRUWHGLQ)LJDUHDEOHWRSURYHWKDWWKH0:&0PHWKRGLV
VXFFHVVIXOLQHVWLPDWLQJWKHOLIHWLPHRIQRWFKHGFRPSRQHQWVXQGHUPXOWLD[LDOORDGLQJ,QSDUWLFXODU
WKHVH UHVXOWV FRQILUP WKDW 0:&0 LV FDSDEOH RI PDNLQJ WKH HVWLPDWHV ORFDWHG PDLQO\ ZLWKLQ WKH
ZLGHVWSODLQVFDWWHUEDQGEHWZHHQWKHWZRXVHGWRFDOLEUDWH)LJDOVRFOHDUO\SURYHVWKDW0:&0
LQWHUPVRI30FDQEHKLJKO\DFFXUDWHLQSUHGLFWLQJIDWLJXHOLIHFRUUHFWO\WDNLQJLQWRDFFRXQWQRW
RQO\WKHSUHVHQFHRIYDULRXVVWUHVVFRQFHQWUDWLRQIDFWRUVGHULYHGIURPQRWFKHVEXWDOVRWKHGDPDJLQJ
HIIHFWRIVWUHVVJUDGLHQWVGXHWRWKHQRPLQDOORDGLQJ0RUHRYHULWKDVWREHVDLGWKDWVWULFWO\VSHDNLQJ
WKHFRQVWDQWVRIWKH/0YHUVXV1IUHODWLRQVKLSXQGHUWRUVLRQLVGLIIHUHQWIURPWKHVHYDOXHVGHWHUPLQHG
XQGHU XQLD[LDO IDWLJXH ORDGLQJ 7KH FULWLFDO GLVWDQFH YDOXH XQGHU WRUVLRQ LV ODUJHU WKDQ WKH
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FRUUHVSRQGLQJYDOXHGHWHUPLQHGXQGHUXQLD[LDOIDWLJXHORDGLQJ>@%\UHDQDO\]LQJODUJHDPRXQWRI
H[SHULPHQWDO GDWD WKH UHVXOWV VWURQJO\ VXSSRUW WKH YDOLGLW\ RI WKH LGHD WKDW WKH /0 YHUVXV 1I
UHODWLRQVKLS JHQHUDWHG XQGHU XQLD[LDO IDWLJXH ORDGLQJ FDQ EH DVVXPHG WR EH LQGHSHQGHQW RI WKH
FRPSOH[LW\RIWKHDVVHVVHGVWUHVVILHOG%XWIRUVRPHPDWHULDOVOLNH7L$O9DQG1L&U0RLQ)LJ
 WKHSUHGLFWLQJUHVXOWVVKRZWKDW WKHSXUH WRUVLRQDOGDWD IDOORXWVLGH WKHZLGHVWSDUHQWPDWHULDO
VFDWWHUEDQGDQGWHQGWRFRQVHUYDWLYHOLIHWLPHSUHGLFWLRQZLWKORVVRIDFFXUDF\ ,W LV LPSRUWDQW WR
KLJKOLJKWWKDWXQGHUSXUHWRUVLRQDOORDGLQJWKHUHDUHDODUJHSODVWLF]RQHDKHDGRIWKHQRWFKWLSIRU9
QRWFK7L$O9DQG1L&U0RVSHFLPHQV>@7KHUHIRUHWKHSUHGLFWLQJIDWLJXHOLIHXQGHUSXUH
WRUVLRQ ORDGLQJ ZRXOG EH FRQVHUYDWLYH LI WKH /0 YHUVXV 1I UHODWLRQVKLS JHQHUDWHG XQGHU XQLD[LDO
IDWLJXHORDGLQJZDVXVHGWRFDOFXODWHWKHIDWLJXHOLIH 
3.6 7KH6('PHWKRGYDOLGDWLRQE\XVLQJQRWFKHGFRPSRQHQWV 
7KH PXOWLD[LDO IDWLJXH EHKDYLRU RI PDWHULDOV XQGHU GLIIHUHQW ORDGLQJ FRQGLWLRQV KDV EHHQ
LQYHVWLJDWHG WR DQDO\]H WKH LQIOXHQFH RI ORDG UDWLR DQG ORDG SKDVH DQJOH RQ WKH IDWLJXH OLIH RI
VSHFLPHQVZHDNHQHGE\QRWFKHVZLWKGLIIHUHQW URRW UDGLXV6\QWKHVLVRI WKH H[SHULPHQWDO UHVXOWV
WDNHQIURPWKHOLWHUDWXUHLVVKRZQLQ7DEOHWRJHWKHUZLWKWKHPDLQSDUDPHWHUVQHFHVVDU\IRUWKH
DSSOLFDWLRQRIWKH6('DSSURDFK,WLVREVHUYHGWKDWWKHVFDWWHULQGH[7ıDQG7:DUHTXLWHQDUURZ
ZLWKDSUREDELOLW\RIVXUYLYDORI,QWHUPVRIHTXLYDOHQWVWUHVVUDQJHE\VLPSO\PDNLQJWKH
VTXDUHURRWRIVFDWWHULQGH[7:WKHVFDWWHULQGH[UHVXOWVDUHQHDUO\HTXDOWRWKH+DLEDFKVFDWWHUEDQG
7ı8QGHUOLQHDUHODVWLFK\SRWKHVLVWKHFRQWULEXWLRQDVFULEDEOHWRWKHVWUHVVFRPSRQHQW¨ıKDVEHHQ
DYHUDJHGRYHUDFRQWUROUDGLXV5ZKLOHWKHDVFULEDEOHWRWKHVWUHVVFRPSRQHQW¨ĲKDVEHHQDYHUDJHG
RYHUDFRQWUROUDGLXV57KHODWHUUDGLXVGHILQLWLRQLVVWURQJO\LQIOXHQFHGE\H[WULQVLFPHFKDQLVP
VXPPDUL]HGE\WKHWHUPFUDFNWLSVKLHOGLQJSODVWLFLW\URXJKFRQWDFWVXUIDFHDQGFRUURVLRQGHEULV
,QWKHSUHVHQWLQYHVWLJDWLRQDVGHDOLQJZLWKKLJKQRWFKVHQVLWLYLW\RIQRWFKHGVSHFLPHQVSODVWLFLW\
DQGVKLHOGLQJHIIHFWVDUHYHU\OLPLWHGDQGSOD\RQO\DVHFRQGUROHRQWKHIDWLJXHFUDFNLQLWLDWLRQDQG
SURSDJDWLRQ7KHUHIRUHDVLQJOHFRQWUROUDGLXVFDQDOVREHXVHGWRREWDLQVDWLVILHGUHVXOWVZLWKRXW
FRQVLGHULQJWKHORDGLQJPRGHV>@)RUODUJHUDGLXVRIEOXQW9DQG8QRWFKHGVSHFLPHQV³WKHSRLQW
FULWHULRQ´EDVHGRQWKH6('PHWKRGDWWKHQRWFKWLSLVDGRSWHGWRFDOFXODWHWKHGDWD 
)LQDOO\)LJUHSRUWVWKHH[SHULPHQWDOQXPEHURIF\FOHVWRIDLOXUH1IYHUVXVWKHHVWLPDWHG
QXPEHU RI F\FOHV WR IDLOXUH 1IH  ,W LV LPSRUWDQW WR KLJKOLJKW WKDW LQ VXFK GLDJUDPV QRW RQO\ WKH
H[SHULPHQWDOGDWDEXWDOVRWKHVFDWWHUEDQGVRIWKHFDOLEUDWLRQIDWLJXHFXUYHVSORWWHGLQFOXGLQJWKH
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WRUVLRQDOVFDWWHUEDQGVDQGWKHXQLD[LDOVFDWWHUEDQGVRISDUHQWPDWHULDOV7KHVHVFDWWHUEDQGVUHIHUWR
DSUREDELOLW\RIVXUYLYDO36HTXDOWRDQGUHVSHFWLYHO\7KHVHUHVXOWVFRQILUPWKDWWKHPHWKRG
LVJLYLQJIDWLJXHSUHGLFWLRQVPDLQO\IDOOLQJZLWKLQWKHXQLD[LDOVFDWWHUEDQGRUWKHWRUVLRQDOVFDWWHU
EDQGZKLFKFDQDOVREHSURYHGE\WKHFRXUVHRIWKHSUREDELOLW\GHQVLW\IXQFWLRQDVVKRZQLQ)LJ
:KHQWKHHUURUVDUHFDOFXODWHGIRUWKH0:&0WKHUHVXOWVDUHQRWORFDWHGDURXQGWKHPHDQHUURU
HTXDO WR ]HUR &RPSDUHG ZLWK WKH 0:&0 WKH REWDLQHG UHVXOWV E\ 6(' DUH QHDUO\ LQ WKH VDPH
SURSRUWLRQDWWKHVDIHDQGGDQJHURXVVLGHV$OWKRXJKWKHUHDQDO\VLVRIWKHH[SHULPHQWDOGDWDLQWHUPV
RIWKH6('UDQJHDWWKHQRWFKWLSDOORZVPRVWRIWKHXQLD[LDODQGPXOWLD[LDOGDWDUHIHUUHGWRQRWFKHG
VSHFLPHQVWREHVXPPDUL]HGLQWKHIDWLJXHVFDWWHUEDQGWKHUHDUHVWLOOVRPHGDWDIDOOLQJRXWVLGHWKH
ODUJHVWVFDWWHUEDQGV$SRVVLEOHH[SODQDWLRQPLJKWLQYROYHWKHGLIIHUHQWLQIOXHQFHWKDWWHQVLOHDQG
WRUVLRQORDGVKDYHRQWKHORFDO\LHOGLQJLQWKHKLJKO\VWUHVVHGUHJLRQV>@,WLVH[WHQVLYHSODVWLFLW\
SURYRNHGE\WRUVLRQORDGLQJZLWKQRQOLQHDUHIIHFWVDQGE\LQWHUIHUHQFHSKHQRPHQDEHWZHHQWKHFUDFN
VXUIDFHV0RUHRYHUWKHSURSRVHGSURFHGXUHVKRZVWKDWWKH6('DSSURDFKHVQHHGODUJHDPRXQWRI
IDWLJXHGDWDWRREWDLQKLJKDFFXUDF\DQGUHOLDELOLW\RISUHGLFWLQJIDWLJXHOLIHZKLFKPLJKWEHFRPSOH[
DQGKLJKFRVWIURPDQHQJLQHHULQJSRLQWRIYLHZ 
4 &RQFOXVLRQV 
7KH7&'DSSURDFKFDQVXFFHVVIXOO\DVVHVVWKHIDWLJXHOLIHRIQRWFKHGFRPSRQHQWVVXEMHFWHG
WRXQLD[LDOORDGLQJDQGLWKHOGWUXHLQGHSHQGHQWO\RIWKHJHRPHWULFDOIHDWXUHZHDNHQLQJWKHWHVWHG
VSHFLPHQV7KH7&'DSSURDFKLQWKHOLQHPHWKRGKDVEHHQIRXQGWREHPRUHDFFXUDWHWKDQWKHSRLQW
PHWKRGLQDVVHVVLQJWKHIDWLJXHOLIHWLPHRIQRWFKHGVSHFLPHQV 
7KH6('DSSURDFKKDVEHHQDOVRIRXQGWREHDQDFFXUDWHGHVLJQPHWKRGRORJ\XQGHUXQLD[LDO
ORDGLQJZLWKH[FHSWLRQ WR8QRWFKHVZLWK ORZVWUHVVFRQFHQWUDWLRQIDFWRUV7KHDSSURDFK LVYHU\
VHQVLWLYHWRWKHFULWLFDOUDGLXVYDOXHZKLFKGHILQHVWKHFRQWURODUHDThe critical radius can be easily 
estimated using the appropriate equation depending on the fatigue strength of plain specimens and 
the notch stress intensity factor at a specific reference number of cycles. 
7KH0:&0LWVHOIDQGLWVFRPELQDWLRQZLWKWKHSRLQWPHWKRGKDVEHHQIRXQGWREHKLJKO\
DFFXUDWHLQHVWLPDWLQJWKHPXOWLD[LDOIDWLJXHOLIHWLPHRISODLQDQGQRWFKHGFRPSRQHQWV7KHPHWKRG
FDQEHHDVLO\LPSOHPHQWHGWRDVVHVVWKHOLIHWLPHRIUHDOVWUXFWXUHVE\PHDQVRIDVLPSOHOLQHDUHODVWLF
)($8QGHUWRUVLRQDOORDGLQJWKHPHDQVWUHVVKDVREYLRXVHIIHFWRQWKHDFFXUDF\RISUHGLFWHGIDWLJXH
OLIH)RUVRPHPDWHULDOVGXHWRWKHSUHVHQFHRIDODUJHSODVWLF]RQHVXUURXQGLQJWKHFUDFNWLSWKH
DSSOLFDWLRQ RI 7&' FRQVWDQWV REWDLQHG IURP XQLD[LDO ORDGLQJ WR WRUVLRQDO ORDGLQJ FDQ \LHOG WR
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LQDFFXUDWHUHVXOWV7KLVLVGXHWRWKHGLIIHUHQWVWUHVVILOHGGLVWULEXWLRQLQWKHVHWZRORDGLQJFDVHVand 
their different effects on the plastic zone. 
 7KH 6(' KDV KLJKO\ DFFXUDF\ LQ DVVHVVLQJ WKH IDWLJXH OLIHWLPH RI SODLQ DQG QRWFKHG
FRPSRQHQWVXQGHUPXOWLD[LDOORDGLQJ8VLQJWKHDYHUDJHG6('WKHUHDQDO\VLVRIWKHGDWDRQGLIIHUHQW
YROXPHVDOORZVWRVXPPDULVHWKHPDLQERG\RIWKHUHVXOWVLQDVLQJOHQDUURZVFDWWHUEDQGUHODWLYHWR
WKHIDWLJXHUHVXOWVRISDUHQWPDWHULDOVJHQHUDWHGXQGHUWRUVLRQDORUXQLD[LDOORDGLQJ 
 
$FNQRZOHGJHPHQW 
7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH WKH VXSSRUW E\ WKH ,QQRYDWLRQ 3URJUDP
DQGWKH6WDWH.H\/DERUDWRU\3URJUDPDQGDOVRE\WKH
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/LVWRIFDSWLRQV 
7DEOH 6\QWKHVLV RI WKH H[SHULPHQWDO UHVXOWV RI QRWFKHG VSHFLPHQV XQGHU XQLD[LDO
ORDGLQJFDOFXODWHGE\7&'  
7DEOH 6\QWKHVLV RI WKH H[SHULPHQWDO UHVXOWV RI QRWFKHG VSHFLPHQV XQGHU XQLD[LDO
ORDGLQJFDOFXODWHGE\6('  
7DEOH3DUDPHWHUVRIWKHIDWLJXHFXUYHVUHODWHGWRWKHSODLQVSHFLPHQV 
7DEOH 6\QWKHVLV RI WKH H[SHULPHQWDO UHVXOWV RI SODLQ VSHFLPHQV XQGHU PXOWLD[LDO
ORDGLQJFDOFXODWHGE\6('  
7DEOH9DOXHVRIWKHIDWLJXHFRQVWDQWVXVHGWRDSSO\WKH0:&0LQFRQMXQFWLRQZLWK
WKH30WRWKHFRQVLGHUHGPDWHULDOV 
7DEOH6\QWKHVLVRIWKHH[SHULPHQWDOUHVXOWVRIQRWFKHGVSHFLPHQVXQGHUPXOWLD[LDO
ORDGLQJFDOFXODWHGE\6(' 
 
 
)LJXUH&DOLEUDWLRQPHWKRGRI WKHFULWLFDOGLVWDQFHXVLQJSODLQDQGQRWFKHGIDWLJXH
FXUYH 
)LJXUH )ORZFKDUW VXPPDUL]LQJ WKH SURFHGXUH XVHG WR HVWLPDWH IDWLJXH OLIHWLPH
DFFRUGLQJWRWKH7&' 
)LJXUH&ULWLFDOYROXPHDUHDIRUVKDUS9QRWFKDFUDFNEDQGEOXQW9QRWFKF
XQGHUPRGH,ORDGLQJ'LVWDQFHU ȡîʌíĮʌíĮ 
)LJXUH&DOLEUDWLRQPHWKRGRIWKHFRQWUROUDGLXVRIWKHFULWLFDOYROXPHE\XVLQJ)($  
)LJXUH )ORZFKDUW VXPPDUL]LQJ WKH SURFHGXUH XVHG WR HVWLPDWH IDWLJXH OLIHWLPH
DFFRUGLQJWRWKH6(' 
)LJXUH30DQG/0DFFXUDF\LQSUHGLFWLQJIDWLJXHOLIHWLPHRIQRWFKHGVSHFLPHQV  
)LJXUH6('DFFXUDF\LQSUHGLFWLQJIDWLJXHOLIHWLPHRIQRWFKHGVSHFLPHQV 
)LJXUH3UREDELOLW\GHQVLW\IXQFWLRQRIHUURUVRISUHGLFWLQJIDWLJXHOLIHWLPHDFFRUGLQJ
WR7&'DQG6(' 
)LJXUH)ORZFKDUWVXPPDUL]LQJWKHLQILOHGXVHRIWKH0:&0PHWKRG 
)LJXUH,QILHOGXVHRIWKH0:&0LQWHUPVRIWKH30WRHVWLPDWHIDWLJXHOLIHWLPHRI
WKHQRWFKHGFRPSRQHQWVVXEMHFWHGWRIDWLJXHORDGLQJ 
)LJXUH 3RODU FRRUGLQDWLRQ V\VWHP IRU9QRWFKHV ZLWK ] QRUPDO WR WKH SODQH WKH
VWUHVVFRPSRQHQWıșLVHYDOXDWHGDORQJWKHQRWFKELVHFWRUOLQHș IRUPRGH,16,)
WKHVKHDUVWUHVVFRPSRQHQWĲ]șLVRULHQWHGDVıș 
)LJXUH0:&0DFFXUDF\ LQSUHGLFWLQJ IDWLJXH OLIHWLPHRISODLQ VSHFLPHQVXQGHU
PXOWLD[LDOORDGLQJ 
)LJXUH 6(' DFFXUDF\ LQ SUHGLFWLQJ IDWLJXH OLIHWLPH RI SODLQ VSHFLPHQV XQGHU
PXOWLD[LDOORDGLQJ 
)LJXUH3UREDELOLW\GHQVLW\IXQFWLRQRIHUURUVRISUHGLFWLQJIDWLJXHOLIHWLPHRISODLQ
VSHFLPHQVXQGHUPXOWLD[LDOORDGLQJDFFRUGLQJWR0:&0DQG6(' 
)LJXUH0:&0DFFXUDF\LQSUHGLFWLQJIDWLJXHOLIHWLPHRIQRWFKHGVSHFLPHQVXQGHU
PXOWLD[LDOORDGLQJ 
)LJXUH 6(' DFFXUDF\ LQ SUHGLFWLQJ IDWLJXH OLIHWLPH RI QRWFKHG VSHFLPHQV XQGHU
PXOWLD[LDOORDGLQJ  
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)LJXUH 3UREDELOLW\ GHQVLW\ IXQFWLRQ RI HUURUV RI SUHGLFWLQJ IDWLJXH OLIHWLPH RI
QRWFKHGVSHFLPHQVXQGHUPXOWLD[LDOORDGLQJDFFRUGLQJWR0:&0DQG6(' 
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